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We investigate the heavy flavor dynamics in the quark-gluon plasma (QGP) medium created in
p-Pb collisions at the CERN Large Hadron Collider (LHC). In the (3+1)-dimensional viscous hydro-
dynamics model describing QGP medium, the dynamics of heavy quarks are studied in an improved
Langevin framework incorporating both collisional and radiative energy loss. The hadronization of
the heavy quarks is given by a hybrid model of fragmentation and recombination. We find that the
in-medium evolution of charm quarks raises the D-meson RpPb at low transverse momenta while it
suppresses the D-meson RpPb at intermediate momenta. In addition, the elliptic flow of D-meson
is calculated. For a diffusion coefficient which reproduces central RAA data at the LHC, we find a
much smaller D-meson v2 compared to the light hadrons. This observation indicates an incomplete
coupling between heavy quarks with the medium, due to the reduced medium size compared to AA
collisions.
PACS numbers:
I. INTRODUCTION
Heavy flavor, including charm and bottom quarks,
serves as valuable hard probes for the quark-gluon
plasma due to their predominant production in the
early stage of the collision, their experience of the
full evolution of the medium, and their incomplete
thermalization during the propagation. The proper-
ties of the QGP medium can be probed by the study
of the heavy meson nuclear modification factor RAA
and their elliptic flow v2. Those two observables are
believed to be sensitive to the energy density and
temperature of the medium, as well as its transport
properties. At both LHC and RHIC, the nuclear
modification factor RAA and the elliptic flow coef-
ficients of D-mesons are observed to be comparable
to light hadrons [1][2][3]. This urges us to study the
heavy flavor dynamics in more detail.
In order to explore the properties of the QGP
medium, measurements of heavy flavor observables
in p-Pb collisions at LHC is believed to be a reference
for interpreting the results of AA collisions. In addi-
tion, due to the reduced size of the nuclear medium
as well as the short life time, the in-medium energy
loss of heavy quarks in p-Pb collisions is expected
to be less compared to AA collisions, which enables
us to disentangle the cold nuclear matter (CNM)
effects from the hot nuclear matter (HNM) effects.
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Moreover, the observation of the ridge in pPb col-
lisions and the comparable flow between high mul-
tiplicity p-Pb collisions and peripheral Pb-Pb colli-
sions [4][5] indicate collectivity in p-Pb collisions, as
well as applicability of hydrodynamical description
of the medium created in p-Pb collisions [6][7][8].
II. DYNAMICS OF HEAVY FLAVOR IN
HEAVY-ION COLLISIONS
The full evolution in pA collisions can be sepa-
rated into 3 stages: the initial state; the in-medium
evolution; and the hadronization of heavy quarks
into heavy mesons.
The initial state of both heavy quarks and the
QGP medium is produced via a participant parton
based entropy deposition model in position space,
while a leading order pQCD is used to calculate
the initial momentum distribution of heavy flavor.
In the participant parton model, each parton is as-
signed a fluctuated thickness function:
TA,B(x⊥) = ωA,B
∫
dzρA,B(x⊥, z) (1)
where ωA,B are independent weight factors ob-
tained from a gamma distribution. The rapidity
dependence of the entropy density is inspired by a
CGC formula in ref [9]. In the pQCD calculation,
the CTEQ and EPS09 parametrizations are adopted
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FIG. 1: Nuclear modification factor of D-mesons in p-
Pb collisions. The RpPb is calculated under minimum
bias situation with only nuclear shadowing effects (yel-
low dots), and shadowing effects as well as in-medium
evolution (red line).
for the parton distribution function and the nuclear
shadowing effect.
The full space-time evolution of the QGP medium
is described via the (3+1)-dimensional viscous hy-
drodynamics model vHLLE [10]. The ratio of shear
viscosity over entropy density is chosen as η/s=0.08
and the initial state is tuned to produce the pseu-
dorapidity distribution of charged hadrons compa-
rable to the experimental results [11]. An improved
Langevin approach [12] is adopted to describe the in-
medium propagation of heavy quarks. The Langevin
approach incorporates both collisional energy loss
and radiative energy loss:
d~p
dt
= −ηD(p)~p+ ~ξ + ~fg (2)
The first two terms on the right hand side of the
equation are the drag and thermal random forces
which describe the quasi-elastic scattering between
heavy quarks and light partons in the medium. The
third term ~fg is the recoil force induced due to the
heavy quarks’ emission of bremsstrahlung gluons.
We utilize a higher-twist calculation [13] for the
radiated gluon distribution and relate the gluon
transport coefficient qˆ with the spatial diffusion coef-
ficient D via D = 4T
2
qˆ
CA
CF
. A more detailed descrip-
tion can be found in [12]. Using this construction,
the only free parameter in the improved Langevin
approach is the spatial diffusion coefficient. It is usu-
ally determined by tuning D to the D-meson RAA in
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FIG. 2: Nuclear modification factor of D-mesons for
different centrality classes in p-Pb collisions. The RpPb
is calculated with nuclear shadowing effects as well as
in-medium evolution.
the most 0-7.5% central Pb+Pb collisions at
√
sNN
= 2.76 TeV [14]. In this study the value is taken as
D(2πT ) = 5.0.
At hadronization, the particlization of the QGP
matter is calculated according to the Cooper-Frye
prescription [15]. For the heavy quarks, we utilize
a hybrid model of fragmentation and recombination
[16] to hadronize heavy quarks into heavy mesons.
It has been shown [14] that while the fragmentation
process is dominant for high momenta, the recom-
bination of heavy quarks and light partons signifi-
cantly enhances the production of heavy mesons at
low and intermediate momenta.
III. NUCLEAR MODIFICATION FACTOR
AND FLOW
Our results for the nuclear modification factor are
shown in Fig.1 and Fig.2. Fig.1 compares the nu-
clear modification factor of D-meson RpPb including
only the initial nuclear shadowing to that obtained
from the full evolution. Within the error bars the
experimental data [18] is consistent with unity with
some indications for an enhancement at around pT =
5 GeV and a suppression towards higher pT . In-
cluding only the initial nuclear shadowing but no
in-medium evolution for the heavy quark, the RpPb
is depleted at small pT and reach unity at higher
pT . If we take the in-medium evolution into account
as well, we observe that the in-medium evolution
raises the RpPb at low momenta and further sup-
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FIG. 3: The pT integrated elliptic flow v2{2} of charged
particles (black line) and D-mesons (red line and purple
dash line) as a function of centrality. The elliptic flow
is calculated by Q cumulant method[20]. The shear vis-
cosity entropy ratio is chosen as η/s= 0.08, the diffusion
coefficients is chosen as D(2piT ) = 0.5 (purple dashed
line) and D(2piT ) = 5.0 (red line). The pT and η cut
for both charged particles and D-mesons are 0.3 GeV
< pT < 3.0 GeV, |η| < 2.4.
presses the production of D-meson at intermediate
momenta. While Fig.1 shows results from minimum
bias, Fig.2 presents the RpPb for different centrality
classes. The centrality classes are sliced according
to the total entropy density of each event (among 1
million random events) generated by the initial con-
dition. As expected, the suppression at intermediate
and high pT increases from peripheral to most cen-
tral collisions. The centrality dependence of RpPb of
D-meson can therefore serve as a useful observable
to distinguish between CNM and HNM effects.
The results for the elliptic flow are presented in
Fig.3 and Fig.4. In Fig.3 we show the results for
two diffusion coefficients: D = 5.0/2πT and D =
0.5/2πT . The former one gives the best description
of D-meson RAA in Pb-Pb collisions in 0-7.5% cen-
trality while the later one gives the best description
of D-meson v2 in Pb-Pb collisions in 30-50% cen-
trality. This discrepancy shows that our Langevin
approach to the in-medium dynamics cannot repro-
duce both the RAA and the v2 consistently. This
is currently under investigation. For D = 5.0/2πT ,
a significantly suppressed elliptic flow of D-mesons
indicates an incomplete coupling between the charm
quarks and the medium in the p-Pb collisions. This
is due to the short life time and small size of QGP
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FIG. 4: The pT differential elliptic flow v2{2} of charged
particles (black line), charm quarks (green line) and D-
mesons (red line) in different centrality classes. The dif-
fusion coefficient is D(2piT ) = 0.5, as it gives the best
description of v2 in Pb-Pb collisions at 30-50% centrality.
medium. On the other hand, for D = 0.5/2πT
case, the D-meson integrated v2 is similar to that
of the charged particles in both shape and magni-
tude. It should be mentioned, however, that such
a small diffusion coefficient is strongly disfavored
by lattice QCD [21][22][23] and model calculations.
Fig.4 shows the pT -differential flow for charged par-
ticles, charm quarks and D-mesons for four differ-
ent centralities. The flows of D-mesons and charm
quarks are comparable with each other, indicating
that hadronization via recombination only has a
small contribution to the final D-meson v2.
IV. CONCLUSION
In this work we have investigated the medium
modification of heavy quarks in the hot medium cre-
ated in p-Pb collisions at
√
sNN = 5.02 TeV at LHC.
The aim of this study was to consistently describe
the light and soft bulk evolution and the dynamics
of heavy flavor. We presented the results of nuclear
modification factor of D-mesons in the p-Pb colli-
sions in the minimum bias criterion and for different
centrality classes. Although he accuracy of current
data does not allow us to distinguish unambiguously
between scenarios of only CNM or CNM + HNM ef-
fects if the pA results are viewes independently of
the AA results, the centrality dependence of the D-
meson RpPb can help to disentangle the contribu-
tions from CNM and HNM effects. In addition, we
3
presented our calculation of elliptic flow of D-mesons
in p-Pb collisions that are indicative of an incom-
plete coupling between the charm quarks with the
QGP medium.
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